Introduction
Among communicable diseases, leprosy remains a leading cause of peripheral neuropathy and disability in the world, despite extensive efforts to reduce the disease burden. 1 The success of multidrug therapy, introduced in 1981, encouraged the World Health Assembly to strive to eliminate leprosy -i.e. reduce its global prevalence to 1 case per 10 000 population -by the year 2000. However, the use of disease prevalence as a progress indicator was criticized. Disease prevalence, defined as the number of patients diagnosed with leprosy and registered for treatment over the course of a year, 2 is very sensitive to factors such as treatment duration and case-finding method. 3, 4 As a result, alternative indicators such as the fraction of people with leprosy who have grade 2 disability (G2D) have been suggested to monitor the results of leprosy control activities.
In 2009, the World Health Organization (WHO) launched the Enhanced Global Strategy for Further Reducing the Disease Burden due to Leprosy for 2011-2015, under which the target became to reduce the number of new cases of leprosy with G2D per 100 000 total population (G2DR) by at least 35% between the end of 2010 and the end of 2015. G2D has been proposed as an indicator instead of leprosy prevalence because it is less susceptible to operational factors such as detection delay and is a more robust marker for mapping cases of leprosy in a country. WHO expects that by using G2D as an indicator and by focusing interventions on reducing G2D, delayed detection and treatment of leprosy patients will also be reduced and so will the number of new leprosy cases in the population. 5 The aim of reducing the G2DR by 35% over 5 years has led us to ask important questions. First, if a given country currently shows a particular trend in leprosy-related G2D, how far is that country from reaching the WHO target? Second, how will this new target affect the absolute number of individuals living with G2D caused by leprosy? We also investigate the effect of modifying this strategy in two ways: by extending the target date until 2035 and by seeking a 50% instead of a 35% reduction in G2DR. This type of analysis may enable policy-makers to steer their programmes towards achieving optimal results in reducing the burden of leprosy in the coming years.
Methods

Definition of disability grade
The WHO leprosy disability grading system has changed over the years. The system currently in use is described in Box 1, 6 which grades leprosy patients according to disabilities of the eyes, hands and feet. The highest grade of disability of any of these body sites is used as an overall indicator of the disability status of a person with leprosy. Leprosy-related G2D can be reported in different ways: as G2DN (absolute number of people with G2D among leprosy cases newly diagnosed in a specific year); as G2D% (proportion of people with G2D among leprosy cases newly diagnosed in a specific year); as G2DR (newly diagnosed Abstracts in ‫,عريب‬ 中文, Français, Pусский and Español at the end of each article.
Objective To assess different countries' chances of attaining the 2011-2015 global leprosy target set by the World Health Organization (WHO) and to assess the strategy's effect on the prevalence of grade 2 disability (G2D). Methods Trends in G2D rate were analysed for Brazil, China, India and Thailand and figures were compared with the WHO target: a 35% decrease by 2015 relative to the 2010 baseline. To estimate the prevalence of G2D in 2015 and 2035 for each country three assumptions were made: (i) maintenance of the current trend; (ii) attainment of the WHO target, and (iii) reduction of G2D by 50% every 5 years relative to 2010. Findings Since 1995, the G2D rate has decreased every 5 years in Brazil, China, India and Thailand by 12.7% (95% confidence interval, CI: 6.6-18.3), 7.7% (95% CI: 1.1-12.8), 53.7% (95% CI: 38.1-65.4) and 35.9% (95% CI: 23.4-46.3), respectively. New cases with G2D detected after 2010 will contribute 15% (Brazil), 3% (China), 2.5% (India) and 4% (Thailand) to the total prevalence of G2D in 2015. If no policies are changed, between 2015 and 2035, the prevalence of G2D will decrease by more than half in China, India and Thailand, and by 16% in Brazil. Conclusion The implications of attaining the WHO target are different for each country and using indicators other than G2D prevalence will help monitor progress. The strategy will not immediately reduce the prevalence of G2D, but if it is applied consistently over the next 25 years, its long-term effect can be substantial.
leprosy patients with G2D in a given year divided by that year's population at mid-year and multiplied by 100 000); and as G2D prevalence (absolute number of individuals ever diagnosed with leprosy and living with G2D in a specific year).
Selection of countries
For this study we selected four countries with endemic leprosy in different phases of the leprosy epidemic and for which reasonably consistent data were available over a long period: Brazil, because it has the highest G2DR; China, because it has the highest G2D%; India, because it has the highest G2D prevalence; and Thailand, because it is known to have a long-standing, reliable leprosy prevention programme. These countries can serve as models for other countries with similar profiles.
Data collection
For the four selected countries we collected data on the annual number of new leprosy cases with and without G2D (data available from the corresponding author on request To calculate the G2DR we used the mid-year population of each country as reported by the US Census Bureau. 10 The four countries we examined apply comparable definitions of "non-communicable disease" and "grade 2 disability" because they adhere to WHO guidelines. We also obtained data on non-communicable diseases and G2D from WHO data sources. Because little information exists on the age distribution of G2D cases, we used the best available data for each country.
For all countries we applied the agespecific death rates of the general population to individuals affected by leprosy. Death rates among people affected by leprosy are hard to find because leprosy is rarely the immediate cause of death. 1 We therefore assumed that leprosy patients die at the same rates as individuals in the general population.
Trend analysis for 2010-2015
For each country we examined the current trend in G2DR in two ways: (i) by analysing all data available (complete data set fit) and (ii) by analysing data only for the period since 1995 (1995 fit). To do this we used a basic exponential function since the general trend observed showed an exponential decline. We analysed the period beginning in 1995 on the assumption that data for the most recent years are the most reliable and because global coverage with multidrug therapy surpassed 90% in 1995. For China and Thailand we excluded data before 1957 and 1981, respectively, because they were not consistent with the general trends observed. For Brazil we excluded data for 2007-2008 because the web site states that they were compromised for technical reasons. 11 For each fit we provide R 2 as a measure of the goodness of fit. These calculations were implemented in MatLab version 7.5 (R2007b) (MathWorks Inc., Natick, United States of America).
Prevalence of grade-2 disability
We calculated the prevalence of G2D for 2015 and 2035 to estimate the effect of the WHO target on the absolute number of leprosy patients with G2D. For this purpose we defined prevalence not as the number of leprosy patients under treatment, but, as indicated earlier, as the absolute number of leprosy patients with G2D in a specific year. We analysed three alternatives to the WHO policy: (i) suspending the WHO policy in 2015;
(ii) sustaining the policy until 2035; and (iii) defining the target as a decrease of 50% instead of 35% every 5 years. We analysed the third possibility to explore the effect of a decrease substantially larger than the one set by WHO. We used a model developed by Meima et al. 12 to make these calculations, which we implemented in an Excel spreadsheet (Microsoft, Redmond, USA).
The model predicts the absolute number of individuals living with G2D up to a specific year. First we determined the incidence of G2D by calendar year (step 1) and then, using the age distribution, we assigned an age to every individual detected each year (step 2). From this assigned age we calculated until what year each individual would survive (step 3). Finally, to obtain the prevalence of G2D we added the number of surviving individuals with G2D in 2015 and 2035 (step 4). Each step is described in detail below.
Incidence of grade 2 disability (step 1)
We determined the incidence of G2D by calendar year. Because information for all years was not available, we estimated the incidence for the missing years. For the period before the first available data point we applied backward extrapolation. 12 For the period starting from the last available data point up to 2010 we used the 1995 fit, as described in the previous section. For the period after 2010 we developed three scenarios: (i) the country sustained the current trend (1995 fit), (ii) the country attained the WHO target of a 35% decline every 5 years, and (iii) the country attained a decline of 50% every 5 years. For the last two scenarios we assumed exponential declines, which equate to an annual decline of 1 − 0.65 1/5 = 0.083, or 8.3%, and 1 − 0.5 1/5 = 0.129, or 12.9%, respectively.
Subsequently we characterized three cohorts: individuals with G2D detected before the global introduction of multidrug therapy (1980 or earlier); individuals detected during the period ranging from 
Eyes
Grade 0 No eye problem due to leprosy; no evidence of visual loss Grade 1 Eye problems due to leprosy present, but vision not severely affected as a result (vision: 6/60 or better; can count fingers at 6 metres). Grade 2 Severe visual impairment (vision worse than 6/60; inability to count fingers at 6 metres); also includes lagophthalmos, iridocyclitis and corneal opacities.
Source: Table adapted Age-specific incidence of grade 2 disability (step 2)
To determine the incidence of G2D at age a in calendar year k, we used a method analogous to Meima et al.'s and subjected the total incidence of G2D in year k to the age distribution of all newly-detected cases of leprosy with grade2 disability. 12 For Brazil we used the age distribution of G2D as reported by the Sinanweb, 7 which gives the age of each case of leprosy with G2D diagnosed during 2001-2009 for the whole country. 8 We had no information of the age-distribution of G2D for the other three countries, so we used the age-distribution of non-communicable diseases instead. For China we used the age distribution of the new leprosy cases detected in Jiangxi the province in 2000-2009 (Lamei Wang, personal communication). For Thailand we used the age distribution of the new leprosy cases detected in the general population for 2002-2008. 13 For India we used the age distribution of G2D as reported for Brazil because we were not aware of any published data on the age distribution of G2D or non-communicable diseases in the general population in India. (All data are available from the corresponding author on request.)
Survival analysis (step 3)
In this step we calculate the number of leprosy survivors with G2D up to 2015 and 2035. In step 2 we estimated the age of each individual in calendar year k; we used the age-specific death rate to calculate the fraction of these individuals with age a in calendar year k who would survive until year k + 1. By repeating this step several times, we calculated the number of survivors in 2015 and 2035. The oldest age considered in this study was 100 years. To perform these calculations we used a life table of the general population (provided by WHO) 14 to derive the agespecific death rate for each country, and we assumed that these death rates were applicable to individuals with grade 2 disability. WHO provides life tables for 1990, 2000 and 2008, and we used the life table for the year 2000.
Results
Analysis of trends in G2DR for 2010-2015 (Part I)
We represent the trend as we expected it to be in 2010-2015 in Fig. 1, Fig. 2 , Fig. 3 and Fig. 4 . We show two trends: one based on all the data points available (complete data set fit), and another based on the data since 1995 (1995 fit).
For Brazil ( Fig. 1) we observed a decrease of 11.9% (95% confidence interval, CI: 9.3-14.5) every 5 years (2.5% annually) when we used the complete data set fit, and of 12.7% (95% CI: 6.6-18.3) every 5 years (2.7% annually) when we used the 1995 fit. Thus, the decreasing trend observed was slower than the WHO target of 35% every 5 years. R 2 for the complete data set fit and for the 1995 fit (1995-2009) was 0.83 and 0.65, respectively. For China (Fig. 2) we observed a decrease of 37.8% (95% CI: 32.8-42.4) every 5 years (9.1% annually) when we used the complete data set fit (R 2 = 0.93), and of 7.7% (95% CI: 1.1-12.8) every 5 years when we used the 1995 fit. China's attainment of the WHO target would depend on the fit used. For India (Fig. 3) we observed a decrease of 40.6% (95% CI: 35.6-45.3) every 5 years (9.9% annually) when we used 
Brazil
Although the current trend in Brazil diverges from the WHO target, we found that the G2D prevalence in 2015 was approximately 71 000 individuals in all three scenarios, owing largely to the G2D cases detected during 1981-2009. We also observed that, for 2015, cases detected after 2010 contributed around 15% in any scenario. Furthermore, when we compared the prevalence of G2D in 2035 with that in 2015, we observed a decrease in prevalence in each of the scenarios as follows: 16% if the current trend (12.7% every 5 years) is sustained; 38% if the WHO target is attained, and 47% if there is a decline of 50% every 5 years.
China
In China G2D prevalence was approximately 52 000 individuals, most of them detected in1980 or before. Cases detected after 2010 contributed around 3% in all three scenarios. When we compared the prevalence of G2D in 2035 with that in 2015, we observed a decrease of 68% if China sustains its current trend (8% every 5 years). When we assumed that in 2035 China would either attain the WHO target or a decrease of 50% every 5 years, we observed a decrease of 75% with respect to the prevalence in 2015, mainly attributable to the death of individuals with G2D detected in 1980 or before (since G2DR was high in 1980 or before and relatively low after 1980). If China sustains its current trend, 6400 "new" leprosy patients (detected in 2010-2035) will be living with G2D by 2035. On the other hand, if China attains a decrease of 35% or 50% every 5 years, respectively, only 3000 or 2000 "new" leprosy patients will be living with G2D by 2035.
India
Under any scenario, prevalence in India will be around 490 000 in 2015 and cases detected after 2010 will contribute around 2.5% of that number. By 2035, prevalence would have decreased by 67% in any scenario mainly owing to the decrease in the number of individuals detected during 1981-2009 (since G2DR before 2009 was relatively high).
Thailand
The prevalence in Thailand in 2015 was the same (approximately 5750) under all three scenarios, and cases detected after 2010 will contribute around 4% of that number in any scenario. Trends in Thailand were comparable to trends in China and India, with the 2015 prevalence decreasing by more than half and reaching 60% by 2035 in all three scenarios. 17 Conclusions from our analysis are therefore as strong as the quality of the data, but we emphasize that our model seeks to present a systematic way of estimating future trends in leprosy impairment, not to provide precise figures. 12 In other words, the exact prevalence of G2D is not as important as the trends observed.
Brazil and perhaps China are far from attaining the WHO target. For China the predicted future trends depend highly on the trend chosen. We believe that the trend analysis based on data from 1995 and onwards is more reliable than the trend analysis based on all data since 1957 because after G2DR decreased for years, the rate of decrease stabilized around 1995. The analysis for India is inconclusive owing to the poor quality of the data. The huge drop between 2000 and 2005 is biologically implausible and was most likely caused by changes to the National Leprosy Control Programme in India after the leprosy elimination target was reached. 18 A transition to the current National Leprosy Eradication Programme took place and included the decentralization of services to the state and district levels and the integration of leprosy services into the general healthcare system. Within this system it has proved difficult to provide an effective referral mechanism for the diagnosis and care of leprosy patients. 19 The trend in Thailand is based on consistent and reliable data and the projected decline can be considered feasible. Hence, Thailand will not need to change its current control programme to reach the WHO target. In all coun- prevalence between 2015 and 2035 only slightly in China and negligibly in India and Thailand. This is because the most recent G2DRs reported for China, India and Thailand were so close to zero that the differences between the first, second and third scenarios became extremely small. In Brazil the G2DR was relatively high, whereas in Thailand and India the decreases were already close to or greater than the WHO target.
The new WHO strategy will have different implications for each of the four countries examined in this study. Thailand's downward trend in G2DR slightly exceeds the WHO target and will lead to a 60% reduction over the next 25 years in the number of individuals with leprosy-related G2D. It is important that the national programme in Thailand maintain this trend, and any improvement will further reduce the burden of disease. In contrast, Brazil and China show slow decreases in G2DR, but the effect of such decreases will be very different in each country. The data on G2DN, G2DR, G2D%, and G2D prevalence need to be interpreted in the light of other information about the national leprosy programme and about underlying trends in leprosy. In China G2D% is around 22% compared with 6% in Brazil, and in both settings delays in diagnosis need to be addressed. By 2035, the prevalence of G2D in China is projected to decline by 68% despite the low rate of decline in G2DR caused by the ageing of those affected. However, in Brazil the rate of decline in G2DR will have a far greater effect on the longterm burden of disease. Since the current decreasing trend in G2DR would only slightly reduce the prevalence of G2D by 2035, Brazil must attain the 35% target if it is to reduce the burden of disease in the long term. In India the prevalence of disability will decrease by around 67% in the long term if current trends are maintained, but only as long as the national programme sustains the current rate of decline over the next 25 years through early case detection.
The Enhanced Global Strategy for Further Reducing the Disease Burden due to Leprosy 2011-2015 has a wide range of objectives, including using G2DR as a key indicator to monitor progress, in addition to current indicators such as prevalence, new case detection rates and treatment completion rates. 5 To facilitate reaching the objectives, some have proposed introducing as a global target the reduction of new cases of leprosy-related G2D per 100 000 general population by at least 35% by the end of 2015 relative to the end of 2010 (baseline). In our study we show that this target has limitations but that it should be viewed in relation to all of the (ii) to implement innovative approaches for case-finding to reduce delayed diagnoses and G2D among newly diagnosed leprosy cases; (iii) to improve the quality of clinical services for the diagnosis and management of acute and chronic complications and for the prevention of disabilities or impairments, and to enhance rehabilitation services through a well organized referral system; (iv) to support all initiatives to promote community-based rehabilitation and especially to reduce stigma and discrimination against leprosy patients and their families; and (v) to explore the use of chemoprophylaxis to prevent new leprosy cases among household contacts. 5 Indicators for monitoring progress in these areas will help in reaching important underlying targets for reducing disease burden, such as good referral and rehabilitation services that fully cover the population wherever leprosy is endemic. An effective referral system is a vital but currently missing link in the sustainability of leprosy services in integrated health settings, as Sundar Rao has pointed out. 19 We conclude that Brazil and China are far from attaining the WHO target and that Thailand is the only one of the countries we examined that does not need to change its current leprosy programme to do so. The analysis for India is inconclusive, although India is not likely to attain the WHO target unless current control efforts are intensified. Sustaining the WHO target for only 5 years will only minimally reduce the number of people living with G2D in the world by 2015, and the same is true for India and Thailand if they sustain the WHO target until 2035. For China attaining the WHO target will only slightly reduce G2D prevalence. However, the prevalence of G2D in Brazil in 2035 will strongly depend on whether the WHO target is attained. ■ Résumé Effet potentiel de la stratégie globale contre la lèpre 2011-2015 de l'OMS sur la prévalence de l'invalidité de catégorie 2: une analyse de tendances 
Resumen
Efecto potencial de la estrategia mundial contra la lepra de la Organización Mundial de la Salud para 2011-2015 sobre la prevalencia de la discapacidad de grado 2: análisis de tendencias Objetivo Evaluar las posibilidades de diversos países de alcanzar el objetivo mundial de la lucha contra la lepra para 2011-2015 establecido por la Organización Mundial de la Salud (OMS) y evaluar el efecto de dicha estrategia en la prevalencia de la discapacidad de grado 2 (DG2). Métodos Se analizaron las tendencias en la tasa de DG2 en Brasil, China, India y Tailandia y se compararon las cifras con el objetivo de la OMS: un descenso del 35% para 2015 en comparación con los valores iniciales de 2010. Con el fin de calcular la prevalencia en cada país de la DG2 en 2015 y 2035 se establecieron tres supuestos: (a) mantenimiento de la tendencia actual; (b) consecución del objetivo de la OMS; y (c) reducción de la DG2 en un 50% cada 5 años en comparación con el 2010. Resultados Desde el año 1995, la tasa de DG2 ha descendido cada 5 años en Brasil, China, India y Tailandia en un 12,7% (intervalo de confianza del 95%, IC: 6,6-18,3), 7,7% (IC del 95%: 1,1-12,8), 53,7% (IC del 95%: 38,1-65,4) y un 35,9% (IC del 95%: 23,4-46,3), respectivamente. Los nuevos casos de DG2 detectados después del año 2010 contribuirán en un 15% (Brasil), un 3% (China), un 2,5% (India) y un 4% (Tailandia) a la prevalencia total de dicha tasa en 2015. Entre 2015 y 2035, la prevalencia de la DG2 disminuirá más de la mitad en China, India y Tailandia, y un 16% en Brasil, si no se cambian las políticas. Conclusión Las implicaciones de la consecución del objetivo de la OMS son distintas para cada país, y la utilización de indicadores distintos de la prevalencia DG2 ayudará a controlar dicho progreso. La estrategia no reducirá de inmediato la prevalencia de la DG2 aunque, si se aplica con regularidad durante los próximos 25 años, su efecto a largo plazo podría ser considerable.
